Remember education in chemistry 20 years in the past, then imagine that education 20 years in the future. Two decades ago the internet did not exist and education was intended for everyone in the USA [1] . The library with its books, journals and documents was available for the user to obtain unknown information. To transfer information, the only storage device available was a photocopier or, perhaps, a note card onto which you wrote needed data. Undergraduate education at colleges and universities depended on information transfer in a classroom and the course sequence was prescribed in the USA with general chemistry preceding organic chemistry, which in turn preceded physical chemistry with analytical, biological and inorganic chemistries interwoven into a basic text-dependent framework [2] ; similar regimentation was employed elsewhere [3] . Laboratories relied on sensory 'change' whether it was the color of an indicator in a titration, the heat generated when two substances were mixed or the odor from a product formed in a chemical reaction, and instrumentation was sometimes available for pattern recognition associated with chemical properties [4] . Now consider what might be accepted as education in chemistry 20 years from now. If the pace of change in education experienced during the past 20 years is considered to be fast [5] , then change during the next 20 years could be supersonic. The cost of education in the USA will have accelerated over this 20-year period due to decreasing state and federal aid for education at college and university levels [6] . There will be increasing recognition that connectivity of information is individually programmable and that specific talent, such as problem solving and information retrieval, can be maximized.
Students of the chemical sciences -and there will be fewer of them -may be programmed onto career pathways earlier in order to maximize their lifetime output, and their sequence of lessons will be tailored to their individual career needs. Specialization for maximum advantage will be the dominant theme. The sequence of courses with chemistry content will look like 'Chemical Synthesis I and II' rather than their counterparts in organic and inorganic chemistry and 'Chemistry of Life Processes' will have replaced biochemistry/molecular biology courses [7] . 'Green chemistry' can be expected to be pervasive and integral in all undergraduate education [8] . Laboratories could be simulated, with experiments designed on multiple levels that are reminiscent of the 'video games' of the distant past [9] ; however, technique development integral to specific careers will require continuation of the laboratory practicum. Online education will probably be mandatory for postdegree lifelong learning.
In 20 years, the chemical industry as we know it today will have fully morphed into component divisions of conglomerates that service the agriculture, construction, environment, food, health, government, information, manufacturing, materials and transportation sectors of the world economy. We see this even today, with titles such as 'chief analyst' and 'senior scientist', the title 'chemist' will have been replaced by those more closely aligned with specific job function. Even the pharmaceutical industry, for which organic chemistry has been the central science, will have migrated closer to biotechnology as its core science [10] . In order to secure and retain the most talented employees, industry will have entered into partnerships with select universities to enhance course content and ensure their employee's access to the 'state-of-the-art' [11] . The aptitude of students for research will be determined through experiences that often begin in high school but are universal in colleges and universities.
Nowhere will there be greater challenges than in securing employment with advanced degrees in the chemical sciences, and if today's students are indicators, the pharmaceutical industry holds the greatest attraction [12] . If the scenario presented for the future is realistic, a student planning such a future will enter a program tailored to a career in the pharmaceutical sciences that will develop core competence in synthesis, ana lysis, biophysics and biotechnology. This is a different future from the one projected at most colleges and universities today and will require changes in academic planning and advising, course offerings and degree administration; but these should be no less possible than those that accompanied the integration of bio chemistry and materials science into the under graduate chemistry curriculum [2] . Whereas, in the past, employers of medicinal chemists looked to organic chemistry centers almost exclusively for new employees, today the difference between practitioners of organic and medicinal chemistry has narrowed.
The number of students obtaining an undergraduate degree in chemistry in the USA has increased nearly 25% over the past 10 years and the number of students obtaining their PhD degree has also increased [13] . However, job opportunities have shrunk substantially [10, 14] and there is uncertainty if or when there will be a recovery. In the meantime, there will be a backlog in employable personnel with graduate students and postdoctoral associates remaining in current positions and a diminished attraction for careers in chemistry in general and medicinal chemistry in particular. Projections for the near future are that job growth for all chemists is expected to be slower than the average for all professions [15] . At the same time, the pool for the best talent will be international and adaptability and communication skills will be as valuable as are technical skills in seeking employment. Those who are demonstrated problem solvers, possess excellent communication skills and are efficient and organized will be at the top of the applicant pool and the institutions from which they come will benefit substantially from their success.
The base message here is that chemical education will become more career directed and specialized. Already, biochemistry is expected for all students in approved undergraduate programs in the USA [2] and one can expect that biotechnology will play an increasingly important role in the chemical sciences in the near future. Even today, in its summary of expected education and training for chemists, the US Bureau of Labor Statistics suggests the breadth of courses that students should experience: "in addition to taking required courses in analytical, inorganic organic and physical chemistry, undergraduate chemistry majors usually study biological sciences; mathematics; physics; and, increasingly, computer science" [15] . Undergraduate research has played an important role in the past in identifying students with high aptitude for problem solving [16, 17] and continued growth in demand and opportunities for this experience can be expected. Communication skills are fostered through undergraduate research experiences at most colleges and universities, with local and national research symposia routinely encouraged and funded; however, they are less visible 
